The purpose of this study was to translate the Memorial Sloan Kettering Cancer Centre (MSKCC) Bowel Function Instrument into Italian and to test its psychometric validity and reliability in a sample of Italian rectal cancer patients.
Introduction
Chemo-radiotherapy, followed by total mesorectal excision, is currently accepted as standard treatment for locally advanced rectal cancer [1, 2] . With such treatment, the estimated 5-year survival rate is about 70%, with a local recurrence rate less than 10%.
Sphincter-preserving surgery is normally performed in more than 70% of patients. Compared to surgery alone, however, this approach is associated with increased male sexual problems, faecal incontinence, and bowel dysfunction, which, in turn, negatively affect the quality of life of patients [3, 4] .
With increasing patient survival, the evaluation of long-term results related to the patient's reported outcomes (quality of life, bowel function, faecal continence, and sexual dysfunction) is clinically relevant. Such findings can be used to better inform the patient and address disease management.
Bowel function is usually investigated with ad hoc questions regarding bowel movements per day, sensation of incomplete evacuation, use of pads, stool fractionation, urgency, use of medication, and occurrence of soiling. However, to date, no standard selfreported questionnaires have been used to evaluate bowel function outcomes after surgery for rectal cancer.
Recently, Temple et al. [5] developed and validated an 18-item self-reported questionnaire to assess bowel function in patients after sphincter-preserving surgery for rectal cancer. To the best of our knowledge, the questionnaire is the only questionnaire available in the literature and is published in English.
The aim of this study was to translate the Memorial Sloan Kettering Cancer Centre (MSKCC) instrument into Italian and to test the psychometric validity of the questionnaire.
Our primary goal is to provide an instrument that can be used both for research purposes and in clinical practice. 
Methods

Patients
A total of 128 patients with stage II-III [6] rectal cancer, who underwent sphincterpreserving surgery between 2006 and 2007, were recruited from three Italian institutions.
Consecutive patients attending the follow-up visit were included in the study if they had undergone sphincter-preserving surgery with curative intent (R0 resection), were stoma-free at the time of questionnaire completion, aged 18 years or older, and were able to understand and complete the questionnaires. Patients were excluded if they had evidence of cancer recurrence, were currently receiving chemo-radiotherapy, or refused to participate in the study.
The study was approved by the local ethics committee, and all patients gave written informed consent.
Socio-demographic and clinical data were collected from clinical records or directly from the patients.
A test-retest reliability study was carried out on the first 40 patients who agreed to complete the questionnaire again, between 7 and 14 days after the first assessment.
Questionnaires
Development of the Italian version of the MSKCC questionnaire
The MSKCC Bowel Function questionnaire is a self-administered psychometric instrument designed to assess bowel function in patients who undergo sphincter-preserving surgery for rectal cancer. The questionnaire includes 18 items involving three subscales minutes, Q7: knowing difference between gas and bowel movements, Q12: unable to control the passage of flatus) and one total score that is obtained by summing all 18 items.
The frequency subscale is scored by adding items Q1, Q5, Q8, Q9, Q10 and Q11; the dietary subscale is scored by adding items Q2, Q3, Q13 and Q14; and the urgency subscale is scored by adding items Q15, Q16, Q17 and Q18.
The responses are given on a 5-point Likert scale for all items, apart from the item asking for the frequency of bowel movements. Items Q1, Q4, Q5, Q7, Q11 and Q12 have been recoded so that higher scores indicate better bowel function.
The Italian version of the MSKCC questionnaire (see Appendix) was developed by translating the questions into Italian using the standard procedure of double-back translation between independent translators. The Italian questionnaire was then administered to 10 patients to verify the adequacy and degree of comprehension of the questions (pilot study).
In the original English version, the construct validity of the MSKCC instrument was investigated by comparing the instrument to the European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30 and the Colorectal Cancer module QLQ-CR38 health related quality of life questionnaires. The same instruments, available in Italian, were also administered in this study.
EORTC QLQ-C30
Patients' health-related quality of life was measured using the multidimensional EORTC QLQ-C30 questionnaire [7] . This is an internationally validated, cancer-specific, The scores for all scales were calculated using procedures defined in the EORTC Scoring Manual [8] , and range from 0 to 100 following linear transformation. Higher scores in functional and global health status scales indicate a higher level of functioning and a better quality of life, respectively, whereas higher scores in symptom scales indicate a higher symptom level.
EORTC QLQ-CR38
The EORTC QLQ-C38 was developed for use in colorectal patients [9] . The questionnaire consists of 38 items that are grouped into four functional scales (body image, sexual function, sexual enjoyment and future perspective) and eight symptom scales (micturition problems, gastro-intestinal symptoms, chemotherapy side-effects, defecation problems, male and female sexual problems, stoma related problems and weight loss). The EORTC QLQ-C38 is scored in a manner similar to the EORTC QLQ-C30.
Statistical methods
Descriptive statistics were used to summarize the baseline socio-demographic and clinical variables.
For psychometric validation, we determined the construct validity, concurrent validity, discriminant validity and test-retest reliability. Imputation of missing items was performed for each valid questionnaire by replacing these items with the mean score, provided that at least half of the items from the scale were answered.
Results are reported with 95% confidence intervals (CI). All P values are two-sided, and a P value of <0.05 is considered statistically significant. Statistical analyses were performed using SAS statistical software (SAS Institute, Cary, NC).
Construct validity
To test the robustness of the structure and the dimensionality of the instrument, a factor analysis was performed. Factors were extracted with eingenvalues > 1 on a varimax rotation from principal factoring analysis. The observed factors were compared to the a priori dimensions.
Item to domain correlations were calculated to evaluate the extent to which each item was associated with its domain or with another competing domain. A correlation of 0.3 is considered acceptable. The internal reliability was estimated using the Cronbach's alpha coefficient [10] . A value of 0.7 or greater is considered acceptable. 
Concurrent validity
Test-retest reliability
The temporal stability of the questionnaire was evaluated by calculating the intraclass correlation coefficient (ICC) based on an analysis of variance. Patients were given a repeat questionnaire seven to fourteen days following the initial questionnaire, during which time no changes were expected to occur. Results were considered unchanged with a coefficient > 0.6
Results
Out of 128 patients who were asked to complete the questionnaires during the planned follow-up visit, 4 were excluded because they returned the questionnaire unfilled (n=3) or filled out less than 20% of items (n=1).
The questionnaire completion rate of the 124 patients included in the analyses was good, with 94 patients answering all 18 items and 20 having only 1 missing item. Missing data were more frequent for item 1, which deals with the number of daily bowel movements (18 out of 124 patients).
Demographic characteristics for the patient cohort are shown in Table 1 .
The most common symptoms reported were unable to control the passage of flatus (Q12, 39 patients), use of pads (Q16, 38 patients), another bowel movement within 15 minutes (Q6, 36 patients) and incomplete emptying after bowel movement (Q4, 36 patients).
Construct validity
Exploratory factor analysis ( Table 2) identified three factors (urgency, frequency, and dietary) that explain 64%, 19%, and 11% of variance, respectively (overall percentage of variance explained 94%).
The factorial structure for the Italian questionnaire was found to be quite similar to the original MSKCC English questionnaire. We found differences in items Q8 (use of drugs), Q10 (loose stool), and Q18 (alterations in lifestyle) that did not show a strong correlation with their original factor. Item Q8, which correlated with the frequency subscale in the Item Q1, which asks the number of bowel movements over a 24 hour period, was incorporated into the frequency subscale and responses were divided into quintiles.
Cronbach's coefficient values, to evaluate the internal reliability, were 0.7 for the urgency subscale (Q15, Q16, Q17, and Q18), 0.6 for the frequency subscale (Q1, Q5, Q8, Q9, Q10, and Q11), and 0.7 for the dietary subscale (Q2, Q3, Q13, and Q14).
Concurrent validity
The MSKCC questionnaire demonstrated a good concurrent validity through significant correlations with comparable domains of the EORTC QLQ-C30 and CR38 questionnaires ( Table 3 ). All three subscales showed significant correlations with the EORTC QLQ-C30 global health status, physical, role, social functioning and diarrhoea. There was also 
Discriminant validity
The known group validity of the MSKCC questionnaire was supported by several group comparisons ( Table 4 ). Patients aged less than 65 years reported significantly lower function for the frequency subscale and the ability to differentiate between gas and bowel movements (Q7). Complete evacuation (Q4) was significantly better for patients who received postsurgery radiotherapy with respect to pre-surgery or no radiotherapy. The type of surgery and the level of anastomosis differentiated patients reporting another bowel movement within 15 minutes (Q6). The urgency subscale was impaired for patients who underwent coloanal resection.
Significant differences were found between individuals who had a temporary stoma and those who did not with respect to the total scale, the frequency and urgency subscales, complete evacuation (Q4), and whether or not the patient had another bowel movement within 15 minutes (Q6).
Test-retest reliability
A total of 40 patients completed the MSKCC questionnaire again after a median time of 8 days (range: 5-15).
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The intra-class correlation coefficients were good for the frequency and urgency subscales and the total scale (0.6, 0.9, and 0.7 respectively). The dietary subscale showed a low reproducibility, with a moderate correlation coefficient of 0.4.
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15 Discussion A major concern with patients who undergo treatment for rectal cancer is related to the consequences of surgery and chemo-radiotherapy on bowel dysfunction, faecal incontinence, and sexual and voiding problems. While validated instruments are available to assess quality of life, faecal incontinence and sexual and voiding problems, bowel function is usually assessed with non-standardized and non-validated ad hoc questions. These type of ad hoc questions make it difficult to compare studies worldwide and negatively affect the ability of physicians to inform patients about the consequences related to the their treatment for rectal cancer.
In order to overcome these issues, Temple et al. 
Construct validity
The Italian version of the MSKCC questionnaire demonstrated a robust factor structure and internal reliability, with just few items showing a weaker correlation with their own subscale. In spite of this, the three original subscales showed an acceptable internal reliability with Cronbach's coefficients (more than 0.6 for all subscales) and a test-retest reliability satisfactory for frequency and urgency subscales. The dietary subscale alone resulted in a low temporal stability (ICC=0.4).
We believe that the few discrepancies with the original factorial structure do not constitute a problem in using the original subscales and could be due to differences in the cultural backgrounds, socio-demographics, and clinical characteristics of the American and Italian samples. Compared to patients enrolled by Temple et al. [5] , the Italian sampling included patients with more advanced disease, and the majority of patients had received preoperative chemo-radiotherapy. Moreover, this cohort of Italian patients was heterogeneous, since they were enrolled in three different clinical centres, and the median time to bowel continuity was much shorter than that reported by Temple et al. [5] .
Concurrent validity
Our findings also show that the questionnaire has a good concurrent validity. A dysfunction, suggesting that the instrument was able to detect a problem when it exists.
Discriminant validity
The MSKCC questionnaire was able to significantly detect differences in bowel function according to many of the considered clinical variables. We also observed a trend (p<0.10) towards the ability to differentiate patients based on the time to surgery, consistent with the hypothesis that bowel problems improve over time, and based on radiation therapy.
No differences however were found for the type of reconstruction, even if J-pouch anastomosis should decrease the frequency of bowel movements. This may be explained, in part, by the low number of patients who received a J-pouch anastomosis (n=15).
The four single items were associated with clinical groups of interest, providing that these items were able to identify patients with different bowel functions. Only the ability to control gas (Q12) was not able to distinguish any group, and therefore, the possibility of including this item in the frequency subscale should be considered. Doing so, the frequency subscale would improve its internal reliability (Cronbach's coefficient of 0.7), whereas its discriminant ability would not change. According to their factor loading, we also tried to include the Q6 single item in the urgency subscale and the Q4, Q7, and Q12 single items in the frequency subscale in order to assess whether the subscales would improve in performance. This analysis showed that the reliability and the discriminant validity of these new subscales remained unchanged. Therefore, we recommend maintaining these items individually given their clinical relevance and because they represent the most highly reported side-effects. Values are reported as mean score (standard deviation).
